In vitro transcription of T3 DNA by T3 phageinduced RNA polymerase (nucleosidetriphosphate:RNA nucleotidyltransferase; EC 2.7.7.6) yields eight discrete RNAs (designated I-VIII) with molecular weights of approximately 6.2, 4.7, 4, 2.8, 1.8, 0.9, 0.52, and 0.21 X 106, respectively. Comparison Bacteriophage T3 directs the synthesis of a new DNA-dependent RNA polymerase responsible for the transcription of "late" genes of the phage genome (1-7). Studies with the T3 RNA polymerase (nucleosidetriphosphate:RNA nucleotidyltransferase; EC 2.7.7.6) have shown that the enzyme carries out highly specific transcription of T3 RNA in vitro (2, 8) . For example, the polymerase initiates all RNA chains with the sequence, pppGp(Gp)nA (8). Furthermore, under standard in vitro conditions used for T3 RNA synthesis, each homogeneous T3 RNA polymerase molecule can sequentially initiate, elongate, and terminate several RNA chains during the course of the in vitro reaction (2). These results are consistent with the existence of well-defined start and stop signals on T3 DNA that govern transcription in vitro by T3 RNA polymerase. In agreement with this conclusion, a major fraction of the in vitro RNA products formed from T3 DNA by T3 RNA polymerase can be accounted for by six to eight discrete size classes of RNA chains which vary in molecular weights from 0.21 to 6.2 X 106 (9, 10).
Bacteriophage T3 directs the synthesis of a new DNA-dependent RNA polymerase responsible for the transcription of "late" genes of the phage genome (1) (2) (3) (4) (5) (6) (7) . Studies with the T3 RNA polymerase (nucleosidetriphosphate:RNA nucleotidyltransferase; EC 2.7.7.6) have shown that the enzyme carries out highly specific transcription of T3 RNA in vitro (2, 8) . For example, the polymerase initiates all RNA chains with the sequence, pppGp(Gp)nA (8) . Furthermore, under standard in vitro conditions used for T3 RNA synthesis, each homogeneous T3 RNA polymerase molecule can sequentially initiate, elongate, and terminate several RNA chains during the course of the in vitro reaction (2) . These results are consistent with the existence of well-defined start and stop signals on T3 DNA that govern transcription in vitro by T3 RNA polymerase. In agreement with this conclusion, a major fraction of the in vitro RNA products formed from T3 DNA by T3 RNA polymerase can be accounted for by six to eight discrete size classes of RNA chains which vary in molecular weights from 0.21 to 6.2 X 106 (9, 10) .
In the present communication we have compared the size of RNA transcripts synthesized in vitro by T3 RNA polymerase with late T3 mRNAs formed in T3-infected Escherichia coli. Evidence is presented that RNase III is involved in processing of high molecular weight T3 RNA polymerase transcripts to form mature late T3 mRNAs.
MATERIALS AND METHODS
Enzymes. Homogeneous T3 RNA polymerase was isolated as described (3) . A unit of enzyme activity is equivalent to 1 nmol of UMP incorporated in 15 min at 370 under conditions previously specified (3) . One picomole of enzyme is equivalent to 15 units. RNase III was prepared from E. coli MRE-600 by a modification of the procedure described by Robertson et al. (11) . The modification involved further purification of the The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
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DEAE fraction by chromatography on a DNA-agarose column and then on a phosphocellulose column followed by centrifugation in a 10-30% glycerol gradient. The characterization of the enzyme has been described (12) . The final specific activity of the RNase III preparation was 68,000 units/mg of protein when assayed with poly(I)-poly(C) as substrate under assay conditions described (12) .
Preparation of Labeled In Vitro RNA Synthesized by T3 RNA Polymerase. Reaction mixtures (0.1 ml) contained 50mM of Tris-HCI buffer (pH 7.8), 10 (Fig. 1 ). In agreement with previous results reported from this laboratory (9), eight discrete size classes of RNA chains were resolved. It was also evident that at least seven major size classes of in vivo late T3 RNAs designated a through g could be resolved. The apparent molecular weight values of these RNA species, calculated from their electrophoretic mobilities using E. coli 23S and 16S rRNAs as markers, ranged from 5.2 X 105 to 3.5 X 106. Although three of the in vitro transcripts (V, VI, and VII) appeared to migrate on the gel with an apparent molecular weight similar to an in vivo late mRNA, the in vitro transcripts, I, II, and III, were larger than any in vivo RNA species (Fig. 1 ). In addition, species IV and the smallest of the in vitro transcripts, species VIII, had no in vivo counterpart (Fig. 1) . Similarly, several in vivo late T3 RNAs (species a, c, d, andf in Fig. 1 ) did not correspond to any of the RNA products formed in vitro.
Effect of RNase III on Size of T3 RNA Polymerase Transcripts. Early T3 and T7 mRNAs are generated by site-specific cleavage of E. coli RNA polymerase products by RNase III (14, 15) . Since RNA species I, II, and III formed in vitro were larger than any in vivo T3 RNA species, we determined whether RNase III cleaved these high molecular weight products. For this purpose, T3 RNA polymerase reactions were carried out in the presence of RNase III and the 3H-labeled RNA products were then coelectrophoresed with 32P-labeled T3 RNA transcripts synthesized in the absence of RNase III (Fig. 2) . It was evident that in the presence of RNase III, high molecular weight T3 RNA polymerase transcripts I, II, and III disappeared (Fig.  2) and at least seven discrete new RNA species (labeled a' to g' in Fig. 2 ) appeared. Their apparent molecular weights, estimated from their electrophoretic mobilities using 23S and 16S rRNAs as markers, ranged from 0.52 X 106 (species g') to 3.5 X 106 (species a'). The minor RNA species with a molecular weight greater than species a' observed in Fig. 2 not been detected. These experiments demonstrate that in vitro T3 RNA species I-III are cleaved by RNase III to give rise to shorter RNA products. Some of the RNase III cleavage products derived from I-III (species c', f', and g') migrated to the same positions on the gel as untreated in vitro T3 RNA species V, VI, and VII (Fig. 2) . Therefore, after RNase III treatment it could not be determined if species V, VI, and VII were also cleaved, since the other products of cleavage were of the same size class and in effect "masked" any quantitative changes that might have occurred. It will be necessary to isolate individual in vitro RNAs and treat them with RNase III in order to answer this question. Species VIII was apparently not cleaved by RNase III (Fig. 2) . It is worth noting in Fig. 2 that RNase III, when added, was present throughout the polymerase reaction. However, similar specific cleavage of T3 RNA polymerase products occurred even if they were first isolated before they were treated with RNase III (data not shown).
The size of RNA chains synthesized by T3 RNA polymerase in the presence of RNase III was also compared with that of late T3 RNAs synthesized in vivo in T3-infected cells (Fig. 3) Fig. 3 ) appeared, most of which migrated to the same positions on the gels as some late RNAs (Fig. 3) Fig. 1 ) now corresponded to RNase III cleavage products obtained in vitro. Similar results were obtained when 32P-labeled in vivo late T3 RNAs and in vitro T3 RNA polymerase transcripts synthesized in the presence of RNase III were subjected to gel electrophoresis in slab gels under nondenaturing conditions, and the positions of the RNA bands were identified by autoradiography (Fig.'4) . Under the nondenaturing conditions used in Fig. 4 , T3 RNA polymerase transcripts I and II were not resolved from each other (Fig.  4a) . However, it is evident that T3 RNA species I, II, and III were cleaved by RNase III to give rise to new RNA bands that comigrated with in vivo late T3 RNAs (compare d and e of Fig. 4) .
Effect of RNase III on Size of RNA Transcripts Synthesized by T3 RNA Polymerase from T3-T7 hybrid Phage DNA. In order to show the specific effect of RNase III on the high molecular weight T3 RNA species I, II, and III, it was necessary to synthesize these three transcripts without synthesizing species IV-VIII. Since T3 RNA polymerase uses only promoter regions on T3 DNA and is unable to use promoters on T7 DNA at an appreciable rate (1, 5) , the transcription of recombinant (hybrid) phages § containing both T3 and T7 DNA sequences was examined. As shown in Fig. 5 , analysis of the products formed from hybrid phage 6 DNA by T3 RNA polymerase yielded high molecular weight RNA species corresponding to T3 RNA transcripts I, II, III, IV, and VIII but not species V, VI, and VII (Fig. 5a ). The absence of T3 species V-VII reflects the absence of T3 RNA polymerase promoters for these RNA species on hybrid 6 DNA. When RNA transcripts [32P]RNA was included. RNA transcripts were electrophoretically separated on vertical slab gels that contained 2% acrylamide and 0.5% agarose (16) . The gel dimensions were 13.5 X 10 X 0.4 cm; in the system used, five samples could be run simultaneously. Electrophoresis was with Peacock's buffer (16) which contained 0.1% sodium dodecyl sulfate at 50 V and 20 mA for 7 hr at room temperature (22-24°). After electrophoresis, gels were analyzed by autoradiography.
synthesized from this hybrid DNA by T3 RNA polymerase in the presence of RNase III were analyzed on polyacrylamide gels, the high molecular weight RNA species were quantitatively cleaved at specific sites to give rise to eight to ten discrete new RNA species (Fig. 5b) cleaved by RNase III (compare a and b of Fig. 5 ). The larger number of RNase III cleavage products formed in this system compared to those formed by cleavage of species I, II, and III synthesized from wild-type T3 DNA templates (see Fig. 4 ) probably reflects the presence of additional RNase III cleavage sites in the high molecular weight RNAs formed by T3 RNA polymerase from hybrid 6 DNA template. DISCUSSION In the present communication we have compared the size of T3 RNA polymerase products synthesized in vitro with late mRNAs transcribed in vivo in T3-infected cells. These results reveal that of the eight major RNA transcripts synthesized in vitro by T3 RNA polymerase, the three largest in vitro RNA species (I, II, and III) of molecular weights 6.2, 4.8, and 4 X 106, respectively, are much larger than any of the in vivo late T3 RNAs (molecular weights 0.52-3.5 X 106). Some of the in vivo late RNAs also lack an in vitro RNA counterpart. The evidence presented in this paper suggests that the large in vitro T3 RNA polymerase transcripts I, II, and III are cleaved at specific sites by RNase III to generate shorter RNA products that comigrate in polyacrylamide gels with late T3 RNAs synthesized in T3-infected cells. It is not clear whether each of the seven size classes of RNA chains generated by RNase III cleavage of species I-III represents a unique RNA species or more than one species with similar electrophoretic mobilities. In addition, data presented in this paper do not allow us to determine which of the seven species, a'-g' (Fig. 2) are generated by cleavage of RNA products I, II, or III. This will require isolation followed by RNase III treatment of each of the large molecular weight products. Nevertheless, experiments presented in this communication clearly show that the large in vitro transcripts I-III, which represent nearly two-thirds of the molar yield of RNA transcripts formed by T3 RNA polymerase (9) , are processed by RNase III to generate shorter products similar in size to those produced in vivo. Thus, the mechanism by which some of the late T3 mRNAs are formed is similar to that of early mRNAs which are generated by post-transcriptional cleavage of high molecular weight E. coli polymerase products (14, 15) .
Direct confirmation that RNase III cleavage of the primary transcripts synthesized by T3 RNA polymerase is the pathway for the formation of late T3 RNAs can come from analysis of in vivo transcripts synthesized in T3-infected host mutants deficient in RNase III. Dunn and Studier (15) showed that T7 early RNA produced after infection of E. coli K12 deficient in RNase III was the same size as that produced in vitro without RNase III. These workers also showed that early T7 RNA isolated from an RNase III-deficient strain could be processed in vitro with purified RNase III to produce normal size early mRNAs. So far we have been unable to do similar experiments in the T3 system reported here, because our wild-type T3 phage does not grow on E. coli K12 strains. It will be necessary to isolate a mutant T3 phage that grows on these E. coli strains.
In the present study, the identity of in vivo and in vitro RNA products have been inferred on the basis of molecular size analysis in polyacrylamide gels. It 
